THE following description of the lymphatics of the colon is the result of an examination of twenty-three specimens injected with Prussian blue after the method of Gerota. We have already published an account of the lymphatic anatomy of the appendix, the caecum, and the lower part of the ascending colon [7] . The first part of the rectum is included in this paper, but we have not yet been able to inject a sufficient number of specimens of the rest of this organ to enable us to describe its lymphatics. We have modified the technique of the injection by making use of a simple pressure apparatus which is more convenient to manipulate and which permits better control of the pressure than the hand syringe with which our previous injections were made. Though numerous coloured materials have been tried none have proved so satisfactory as Gerota's suspension of Prussian blue in turpentine and ether.
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We propose to deal first with the arrangeluent of the blood-vessels to facilitate the description of the lymphatics, and because in dealing with the operative surgery of growths in the colon we shall frequently be under the necessity of discussing the details of the arterial distribution.
The superior mesenteric artery supplies three branches to the large intestine-the ileocolic, the right colic, and the middle colic, The relation of the ileocolic artery to the lymphatic vessels has been considered in a former paper [7] . I From the Anatomical Department of the University of Leeds.
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The right colic artery is a direct branch of the superior mesenteric in less than 50 per cent. of subjects. In about 30 per cent. it is a branch of the ileocolic, and in other cases it is represented by a branch of the middle colic and an enlarged branch of the ileocolic.
The middle colic artery springs from the superior mesenteric artery in front of the head of the pancreas at, or a little distance below, the lower border of the body of the gland. It first passes downwards and outwards across the superior mesenteric vein, sometimes in front, sometimes behind this vessel, and then enters the transverse mesocolon, between the leaves of which it runs downwards, forwards, and to the right towards the hepatic flexure. About midway between the root of the mesocolon and the colon it divides into two branches, right and left, which diverge from each other, and each of which divides again close to the colon. There are, therefore, four secondary branches, which form three arcades-one with the ileocolic or right colic under the hepatic flexure, a second short arcade under the right end of the transverse colon, and one with the left colic artery. The last arcade is the longest and most important to be found along the intestinal canal; it is normally single, lying one or two finger-breadths from the gut, along the left twothirds of the transverse colon, and enclosing in its concavity a large, conspicuous area of mesocolon, in which there is no vessel of any size. In some cases the middle colic merely divides near the hepatic flexure into two branches, forming two arcades, with the ileocolic or right colic on the one hand and the left colic on the other; in such case there is no middle arcade, and the great left arcade is longer than usual. The junction of the middle colic and the left colic arteries may generally be detected as being the point where the arching vessel is least in diameter, and this point is usually near the junction of the middle and left thirds of the transverse colon. A variable part of the ascending colon, the hepatic flexure, and the right and middle thirds of the transverse colon must be considered as the normal area of distribution of the middle colic artery. Secondary arcades between the vessels arising from the primary arches are infrequent in occurrence and inconstant in position-more frequent, however, under the hepatic flexure than along the ascending or transverse colon. Occasionally accessory middle colic arteries are found, and in a few cases there is a second arcade between the middle and left colic arteries along the curved upper portion of the inferior mesenteric vein. The inferior mesenteric artery arises from the abdominal aorta under cover of the duodenum, from II in. to 2 in. above the bifurcation. It descends, inclining to the left, in front of the aorta, the left psoas muscle, and the left common iliac artery, to enter the mnesorectum; when it reaches the common iliac artery it becomes known as the superior haemorrhoidal artery; it is accompanied in the lower part by the inferior mesenteric vein, which leaves it on the psoas to pursue an independent course. The left spermatic vessels lie about a finger's The lymphatics of the colon. 151 breadth to its outer side, and the left ureter descends on its outer side, gradually approaching it until, just above the common iliac artery, it lies alongside of it or may. even bend in behind it; it is covered only by the peritoneum and the subperitoneal tissue, and it is surrounded by a sympathetic plexus; its branches are all given off from its outer side, and consist of the left colic artery and the sigmoid arteries.
The left colic artery is a large branch arising from the main trunk just as it issues from behind the duodenum. It runs outwards about an inch towards the lower pole of the kidney, and then meeting the inferior mesenteric vein, it turns sharply upwards and outwards across the kidney towards the splenic flexure; opposite the hilum of the kidney, the vein turns inwards across the artery, and thereafter the artery is accompanied by the left colic vein. At the lower border of the pancreas it turns forwards into the left extremity of the transverse mesocolon, and ends by dividing into two branches at or to the right of the splenic flexure; the right branch forms with the middle colic the great arcade along the transverse colon; the left bends downwards to form either a long arcade with the highest sigmoid artery or short arcades with its own branches. The branches of the artery vary in number from one to four. The highest sigmoid artery frequently arises from the left colic, and other sigmoid arteries may have their origin from it either separately or by a common stem. In most cases one or more branches run across the kidney and form a line of arcades along the inner side of the descending colon, with each other, with the left terminal branch and with the highest sigmoid artery.
The sigmoid arteries, one to four in number, arise from the inferior mesenteric or the left colic, or both. The highest branch, arising from the left colic or the inferior mesenteric stem, runs outwards between the lower pole of the kidney and the iliac crest, and supplies the lower end of the descending colon and that part of the gut which is often designated the iliac colon. The remaining sigmoid arteries, arising irregularly from the stem of the inferior mesenteric, are always to be found descending in front of the psoas to enter the mesosigmoid. The lowest sigmoid may be found close to the outer side of the common iliacartery. All these branches form simple arcades with each other in the mesosigmoid, but it must be noted that the lowest sigmoid and the superior haomorrhoidal arteries do not anastomose in the same way as the individual sigmoid arteries; they stand in relation to each other as the diverging limbs of two arcades, and the essential part of the communication between the lowest sigmoid artery and the superior haemorrhoidal artery is at the point of origin of the former. Reference to the diagram below ( fig. 2 ) will show that if the main arterial trunk is ligatured below the origin of this artery, blood could not reach the lower part of the gut through the system of arcades, whereas if the artery is ligatured above the point of origin the blood-supply is still effective. [Manasse 11.] Along the great intestine we have never met with an instance of failure in the formation of anastomotic arches between neighbouring colic vessels, but the inosculations are single, secondary arches being found constantly only at the flexures.
FIG. 2.
A, inferior mesenteric artery; B, ligatures without destroying anastomosis; C, ligature breaking the anastomosis.
The superior haomorrhoidal vein, as it crosses the common iliac artery, becomes the inferior mesenteric vein. It ascends along the outer side of the artery for about 2 in., crossing the sigmoid arteries. It then leaves the artery, proceeding upwards to join the left colic artery. It accompanies this artery for an inch or two, and then turns sharply upwards over or under the artery and forms a well-marked and conspicuous arch below the pancreas, above the duodeno-jejunal flexure, which ends by disappearing under the pancreas to join the splenic or superior mesenteric vein. It receives the tributaries corresponding to the branches of the artery.
The lymphatic glands which receive lymph from the large intestine are scattered along the course of the blood-vessels and are variable in size and number. Though compared with the glands of the mesentery proper they may seem few, yet taking the length of the intestine, which they drain, into consideration, they may be said to be proportionally as numerous. As they are not collected between the leaves of a mesentery, they must be described in chains corresponding to the vessels along which they lie; the ileocolic chain, the middle colic chain, the left colic chain, and the inferior mesenteric chain.
As the right colic artery is inconstant, and as, when present, few glands are found along it, there is no need to interpolate a right colic chain between the ileocolic and the middle colic. In each chain we find that the glands tend to form groups at certain points, and though, owing to the presence of scattered glands between these groups, any subdivision of a chain is arbitrary, it is convenient for purposes of description and reference. In each chain we shall distinguish epicolic, paracolic, intermediate and main groups.
The epicolic glands are those which lie on the intestinal wall under the peritoneum and in the appendices epiploice. Of small size they are very numaerous in young subjects, but decrease in number with age. Though found on any part of the large intestine, they are especially numerous on the sigmoid flexure. They receive some of the vessels which issue through the muscular coat, and send their efferents to the paracolic and intermediate groups.
The paracolic glands lie along the inner margin of the gut, from the ileocolic angle to the rectum, mainly between the intestine and the arterial arcades and on the arcades. Though more numerous in the young, they are found at any age, and the average size may be given as that of a small pea.
The intermediate groups lie around the stem of the middle colic artery and the left colic and sigmoid branches of the inferior mesenteric. They tend to group themselves about the arteries midway between their origins and the gut, though in any chain between this group and the paracolic group, on the one hand, and the main group, on the other, there are connecting glands. On the rniddle colic artery the group is to be looked for midway between the root of the mesocolon in front of the pancreas and the hepatic flexure, on the primary bifurcation of the artery, but not infrequently it is nearer the origin of the artery and continuous with the main group. On the left colic artery the chief mass of the intermediate glands is seen just above the point of crossing of the inferior mesenteric vein in front of the hilum of the kidney.
On the upper sigmoid arteries the intermediate glands lie in the retroperitoneal tissue, between the crest of the ileum and the lower pole of the kidney; on the lower arteries they lie in the base of the mesosigmoid. They vary considerably in their relation to the intestine; they may be situated close to the colon, and are only to be distinguished from the paracolic glands by the fact that they lie on the sigmoid arteries before these vessels divide; on the other hand, some members of the group may be placed so near the origin of the sigmoid arteries as almost to justify their inclusion in the main group. We have applied the term intermediate to all such glands on the sigmoid arterial stems which could be removed without exposing the inferior mesenteric artery.
The intermediate groups receive most of the efferents of the paracolic glands and some vessels from the gut which have slipped past these glands. The frequency of the occurrence of direct vessels to intermediate glands varies in different regions. From the hepatic flexure, the upper end of the ascending colon, and the right extremity of the transverse colon, they were found in every well-injected case (eleven specimens) ; from the splenic flexure, in only four cases out of fourteen specimens; from the transverse colon in its central portion not at all, and from the descending colon in five out of fifteen specimens. The sigmoid flexure resembles the hepatic flexure, and direct vessels to intermediate glands were constant. The efferent vessels of the intermediate glands pass to the main groups.
AMain Groups.-The main middle colic group lies on the middle colic artery as it enters the transverse mesocolon. It forms a well-marked, readily recognizable mass, occasionally increased in size by confluence with the intermediate group. Usually it is clearly marked off from the great glands of the superior mesenteric chain, but sometimes it merges with them. The main group receives the efferents of the intermediate glands, some efferents of the paracolic glands, and frequently (five times in fourteen specimens) vessels from the intestine itself.
The main left colic group is divided into two sets. One lies mnainly around the horizontal part of the artery, near its origin, and is continuous with the inferior mesenteric main group above the origin of the left colic artery. It receives some of the efferents of the left colic intermediate group, as well as efferents of the paracolic and intermediate glands on such branches of the left colic artery to the descending colon as may be present; we have never seen a single instance of a direct vessel from the gut reaching this main group. The second set of glands lies on the terminal portion of the inferior mesenteric vein, in front of the head and at and under the lower border of the body of the pancreas, to the left of the superior mesenteric root-glands. This somewhat straggling group receives some of the efferents of the left colic intermediate glands, but never a direct vessel or even a paracolic efferent. Its members are small, and their efferent vessels communicate with the superior mesenteric glands and with the coeliac and lumbar glands.
The inferior mesenteric main group lies around the stem of the inferior mesenteric artery, as far up as the left colic artery, where, joining the main left colic group, it becomes continuous with the lumbar glands. Its members are neither numerous nor large, and are found not only on but under the artery. Its relations to the intestine are complicated, because it is only the upper part of the group which is comparable to any of the previously named main groups--.e., receiving paracolic and intermediate efferents and occasionally direct vessels. Owing to the way in which the inferior mesenteric artery and the intestine approach each other to meet at the pelvic brim, the lower glands of the main group receive efferents of the paracolic glands along the lowest part of the sigmoid flexure, and very frequently direct vessels, and stand in the same relation to the gut as the intermediate glands in other regions, while the lowest part of the group is almost in contact with the extremity of the sigmoid flexure and the first part of the rectum, and receives the majority of the direct vessels from the gut, thus corresponding to the paracolic groups elsewhere ( fig. 3 ). Though some of the efferent vessels of the glands of the lower part of the chain run along the artery into the upper glands just below the origin of the left colic artery, it is important to note that the inferior mesenteric group, from its very lowest part upwards, sends a stream of efferent into the lumbar glands, not only to those on the left side of the aorta, but to those in front of it and between it and the vena cava; so that the inferior mesenteric group is not continuous with the lumnbar group at its upper end only, 'but along its whole length, and is better regarded as a lateral extension of the lumbar group. Having in mind the fact that the lower glands of the chain are intermediate in character in their relation to the gut, and the lowest glands are paracolic, it is obvious that as we descend the lumbar glands become more and more nearly related to the gut.
The inferior mesenteric main group receives the efferent vessels of the intermediate group on the sigmoid arteries, some efferents of the paracolic glands and direct vessels from the sigmoid flexure. (Seven instances in eighteen specimens.)
The lymphatic vessels arise from plexuses in the submucous and subperitoneal coats, which have the same disposition as in other parts of the alimentary canal. The deeper vessels escape chiefly along the entering blood-vessels, and those from the outer side of the gut curve behind the gut to join those from the front. Many are interrupted almost immediately in the epicolic glands in the appendices epiploicae or on the sacculi. The efferents of these glands, with other unin- terrupted vessels, pass inwards and meet the paracolic glands which intercept the great majority, but some vessels slip between the paracolic glands and reach the intermediate glands in company with the epicolic and paracolic efferents; in some cases these vessels run directly to the main group glands. A survey of all the specimens brings out the fact that from the diagonally opposite flexures, the hepatic and the sigmoid, these direct vessels to the main groups are more common than from the intestine between these flexures ; from the splenic flexure vessels never get beyond and rarely so far as the intermediate group. The lymphatics run with the blood-vessels, and only exceptionally in the avascullr intervals; in the case of the transverse colon the vessels run in one direction or the other for a considerable distance, threading their way among the numerous paracolic glands. They are interrupted by these glands, so that it is not surprising to find that from the left third of the transverse colon few vessels reach even the intermediate group on the left colic artery, or that from the middle third no vessels are seen to reach the intermediate group on the middle colic artery. In the left half or two-thirds of the transverse colon there is an additional outlet for the lymph. In well-injected specimens we find that vessels arise from the anterior surface of the colon, run into the gastrocolic omentum, and then turn to the left between the ascending layers of this fold to reach, finally, the glands at the hilum of the spleen. The vessels from the middle of the transverse colon are necessarily very long, and there may be small interrupting nodules on them. We have also noted in two cases vessels ascending from the back of the upper end of the descending colon (lower limb of the splenic flexure) to the splenic glands.
In Poirier's text-book [14] it is mentioned that the vessels of the transverse colon come into relation with those of the stomach in the omentum, but the vessels we have seen do not run with the epiploic branches of the gastro-epiploic arteries to join the vessels proceeding from the stomach; they run transversely to the left parallel with, but at a much lower level than, the left gastro-epiploic lymph-vessels, and cannot be confused with them.
Some of our specimens show evidence of communication between the lymphatic and venous systems in the abdomen. While injecting the region of the splenic flexure we noted that, after the chain of glands extending along the left colic artery and the arched portion of the inferior mesenteric vein had filled, the fluid appeared in the terminal end of the inferior mesenteric vein and in the superior mesenteric and splenic veins. We were unable to find a lymphatic vessel passing from one of the glands into a vein; probably the necessary manipulation emptied the vessel. The fluid did not enter the veins by puncture of their radicles at the seat of injection, because it first appeared in the distal ends of the great trunks, and no matter how distended by injection a gland may be we have never been able to force the fluid into the veins proceeding from the gland. We conclude, therefore, that there must be communications between the glands about the head of the pancreas and the great venous trunks.
Leaf [9] has shown that there may be communications between lymphvessels and veins, and embryologically it has been demonstrated that the lymph-system is connected with the venous system at other places than the root of the neck.
When we come to consider the incidence of disease of the lymphatic glands of the colon we may confine our attention, for all practical purposes, to their affection in cases of new growths. A search through the innumerable monographs and articles on the subject of carcinoma of the large intestine shows how little we know of the subject of invasion of the lymphatic glands in this disease. This no doubt is in part due to the fact that the disposition of the different groups of glands has been imperfectly understood, and in part to the excessive amount of labour involved in accurately determining the presence or absence of malignant disease in a large number of glands. Here, as elsewhere in the body, carcinoma gives rise to secondary growths in the associated lymphglands, but it is generally accepted that this invasion is not invariable, and when it does make its appearance it is at a late stage in the progress of the disease. Many writers have emphasized this view and have pointed to cases in which an advanced primary growth has been found without any sign of glandular metastasis (vide Treves [16] , de Bovis [5] ).
In other cases the lymphatic glands have been found enlarged and hard, but on microscopical examination have presented no signs of malignant infiltration. This has occurred in the experience of numerous observers, Bilton Pollard [15] , Lennander [10] , Hartmann [6] , H. S. Clogg [3] , and others. There can be little doubt that this hypertrophy of the associated lymph-glands is due to the fact that absorption takes place from the ulcerated surface of the growth and from the dilated, inflamed, and frequently ulcerated gut above the point of obstruction. As de Bovis remarks, the glandular hypertrophy does not occur only in the zone adjacent to the intestinal neoplasm.
It is a difficult matter to obtain reliable evidence of the frequency of lymphatic invasion in the early stages of the disease; in advanced cases seen in the post-mortem room metastasis in the glands is sufficiently obvious, as also in the viscera and the peritoneum. A certain amount of information is to be obtained by studying the late results of excision of the growth without any attempt to excise the " lymnphatic area." De Bovis has made an exhaustive study of the cases reported in the literature and has tabulated the results. Combining his tables we find that of 102 cases which recovered from the operation of colectomy, twenty-nine--i.e., 28'4 per cent. either died from recurrence or were thought at the time the case was published to be suffering from recurrence; and this takes no account of the possibility of recurrence taking place in those cases reported shortly after operation, or of cases in which the late result is not recorded. Cavaillon and Perrin [2] quote Mickulicz as having ten recurrences in twenty cases following after colectomy. If we grant that in some cases the recurrence is due to imperfect removal of the primary growth, and that in some visceral deposits were not detected at the time of operation, it must be admitted that the majority were in all probability due to the presence of metastases in lymphatic glands which were not removed.
Mr. .H. S. Clogg [3] has drawn attention to the frequency with which local and visceral recurrences occur after colectomy. In his view a local recurrence is usually due to the persistence of growth in the glands, and late recurrences in the liver are to be explained by cancercells lying dormant in the glands for some time and then for some reason being carried to the liver. Mr. Clogg [4] has recently published the results of the microscopical examination of the lymphatic glands in forty-five cases of malignant disease of the cecum and colon. In twentyeight cases cancerous deposit was found in the glands, and it may be that some of the negative cases might have shown evidence of disease had serial sections of all the glands been examined.
It is evident that in some cases of carcinoma of the colon in the early stages the lymphatic glands will be found free from disease. If the growth be removed at this stage, even though a purely local excision be performed, there is a considerable prospect of freedom from recurrence. It must, however, be allowed that the glands will become affected at some stage of the disease, and in a certain proportion at an early stage. Further, there are no means short of microscopical examination of determining when a gland is or is not affected with malignant disease. This is shown by the experience of Mr. Bilton Pollard where definitely enlarged glands were found to be free from growth, and by the case of Mr. W. Thompson, which we describe below, where apparently healthy glands contained growth. It is impossible for the surgeon to determine at the time of operation whether a growth in the colon has given rise to secondary gland infection or not. To minimize as far as possible the likelihood of recurrence it is desirable, then, to remove with the primary growth those glands which are likely to have become affected. The primary glands-those receiving direct vessels from the gut-will be the first to become affected by cancerous emboli carried to them along the lymphatic vessels from the primary growth, and any one primary gland is just as likely to become affected as another, whatever may be their comparative position with regard to the colon.
We have had the opportunity of examining serial sections of the lymphatic glands in a case of carcinoma of the sigmoid flexure, the result of which is so striking, and so fully bears out the necessity of removing the lymphatic glands, that we append the details. The material was procured from a case of intestinal obstruction under the care of Mr. W. Thompson. The growth was a small one encircling the gut in the upper part of the sigmoid flexure. To the inner side of the growth lay a small gland of the size of a pea, soft and apparently healthy; on the uppermost sigmoid artery, just below the lower pole of the kidney, there lay another gland, of the intermediate group, hard, yellow, and adherent to the peritoneum; a third gland lay on the outer side of the inferior mesenteric artery just below the origin of the left colic artery and was soft and normal in appearance. No other glands were found in the vicinity of the tumour or along the vessel supplying the part involved. Serial sections of the glands and of the tissues of the mesocolon between the growth and the glands were cut. The primary tumour was a typical adenocarcinoma. The paracolic gland was riddled with minute masses of growth; the intermediate gland was converted into a mass of tumour tissue, the ordinary gland tissue being only seen in places; the main group gland, which was so placed in the microtome that the upper end was cut first, showed no trace of growth until the extrerne lower end was reached, where in the entering end of a vessel a plug of cancer-cells was found. As the large lymphatic vessels reach the glands they are seen to break up into branches before entering the peripheral lymph sinus. A malignant embolus might pass easily through the lymphatic trunk and be arrested in the smaller branches, and this appears to be the explanation of the condition found in this gland. The tissue of the mesocolon along the course of the lyinphatic vessels showed no trace of growth. In this case, with a comparatively small growth in the colon, infection had already reached glands of the paracolic, intermediate and main groups, and the growth was most advanced in the intermediate gland. The glands had become affected by a process of embolism and not by permeation, as there was no sign of growth in the tissues of the mesocolon along the course of the lymphatic vessels ( fig. 4 ).
It is instructive to note that Hartmann has drawn attention to the possibility of infection of the more distant glands. He writes: " In reality if one remembers that the lymphatic ganglia of this segment are little developed, it will be understood that the neoplastic infection first manifests itself in the more important ganglia, which are situated on the arteries and at the origin of the arterial trunks in the retroperitoneal tissue; the infection appears to pass over the regional ganglia " [6] . It is clear that the infection passes the regional glands because some of the vessels do.
In those portions of the colon supplied by long arterial arcades it is likely that the paracolic glands at some little distance from the seat of the disease may become affected; this applies in particular to the transverse colon, and to a lesser extent to the ascending and descending colon. The lymphatic vessels which emerge opposite the centre of the arcade have to travel in one direction or the other for a considerable distance parallel to the gut before they reach an arterial trunk along which they can pass towards the main groups. These vessels are likely to enter some paracolic gland on their way, while a vessel issuing opposite the trunk of one of the larger colic arteries would, after the same length of course, have reached an intermediate or even a main group gland. It is evidently necessary to remove the paracolic glands for some little distance on each side of the primary growth, and this, of course, necessitates excision of a considerable length of gut; in particular this applies to the transverse colon.
The ideal operation will consist in removing a considerable length of gut on each side of the growth, the primary glands, together with the vessels running to them from the gut, and the tissues in which these vessels lie-i.e., the so-called " lymphatic area." As we shall show, if this is attempted it necessitates a great extension in the range of the operations usually practised, and may add something to the immediate risk. The added gain in a diminished likelihood of recurrence would appear to amply compensate for this increase in the risk. In some instances it seems likely that a wider excision of intestine will be attended with a lower mortality than a purely local excision.
A study of the course of the lymphatics shows that in some places it is impossible to remove the whole of the " lymphatic area "-for example, at the splenic flexure-and in these circumstances as much as possible must be removed. The question naturally arises, is it advisable to attempt the removal of all the secondary glands, particularly when the primary glands are malignant? In removing the primary glands one will at the same time remove many secondary glands, but it will be seen from the description given above how extensive is the secondary glandular system of any part of the colon, and how impossible it is to excise the whole of this set of glands. In certain cases it may be found that, although the local conditions are favourable for excision, glandular hypertrophy has extended beyond the primary glands and has involved the secondary glands. If the secondary glands are certainly malignant, it would appear to be useless to proceed with the operation, except as a palliative measure. The difficulty of determining malignancy in any given enlarged gland must, however, be borne in mind, and where there is the least doubt the growth with the primary glands should be excised in the hope that the enlargement of the remaining glands may be due to absorption from the ulcerated surface in the bowel, and not to malignant infiltration. That is to say, in every case in which the local and general conditions are favourable the growth, with the corresponding " lymphatic area," or as much of it as is possible, should be excised, apart altogether from the presence or absence of enlargement of lymphatic glands. We may now consider the possibility of excision of the " lymphatic area " in connexion with a growth in the colon as it applies to the different portions of the colon in which such growths may be found.
In the following pages we presume that the local conditions are favourable to excision, that there are no visceral or peritoneal metastases, or widespread gland disease. If the growth has given rise to marked obstruction, or from other causes, a palliative operation may have been performed previously-a typhlotomy, a colotomy, or an intestinal anastomosis; in such cases it may be necessary to modify to some extent the character of the radical operation. The cawcum and lower part of the ascending colon have been dealt with in previous papers [7 and 8] .
The upper part of the ascending colon, the hepatic flexure, and the first part of the transverse colon may be considered together ( fig. 5 ). The primary lymphatic area corresponding to this portion of the colon comprises (1) the epicolic and paracolic glands; (2) the intermediate glands;
(3) the main group glands of the middle colic chain. To remove the " lymphatic area " it will be necessary to tie the middle colic artery close to its origin, and to remove the mesocolon from this point up to the bowel. This will cut off the direct blood-supply to the upper part (possibly half) of the ascending colon and of about twothirds of the transverse colon. It will then be necessary to excise the gut from the middle of the ascending colon to beyond the middle of the transverse colon, at about the junction of the middle and left thirds. But it will now be difficult to unite the ascending colon to the remaining portion of the transverse colon; this difficulty must be met either by closing both ends of the divided colon and effecting an anastomosis between the ileum and the sigmoid flexure, or by including in the part removed the lower part of the ascending colon, the caecum and the terminal 6 in. of the ileum, and anastomosing the ileum to the remaining portion of the transverse colon. This would appear to be the better course. This procedure is evidently a formidable one, but it is doubtful whether it is more dangerous than a purely local excision of the hepatic flexure, with end-to-end anastomosis of the colon. The more extensive operation has some advantages; it permits free mobilization of the growth and complete control of the blood-supply, and enables the operator to bring the intestine out of the abdomen and to secure the field of operation from contamination when the gut is divided. Further, it allows an anastomosis between portions of intestine which are widely removed from the seat of disease, which are freely movable, and which can be brought together without tension. The Middle of the Transverse Colon.-In the case of growth in this region a study of the lymphatics shows that all the vessels are intercepted by the paracolic glands before they have run very far. The intermediate and main groups do not receive vessels directly from the gut. Under these circumstances it would appear to be necessary to remove only as much of the colon on either side of the growth as will permit a satisfactory anastomosis, and in this way to secure those paracolic glands at some little distance from the growth which might be affected (vide supra).
The Region of the Splenic Flexure (fig. 6 ).-It has been stated above that the large majority of the lymphatic vessels arising from this part of the colon pass into the epicolic and paracolic glands, and that it is not common to see a vessel evading these glands and passing to one of the intermediate group. We have never seen a vessel passing directly to the main group of glands lying on the left colic artery or to the accessory group lying on the upper part of the inferior mesenteric vein as it runs above the duodenum, but we have drawn attention to the vessels-which may sometimes be seen running directly to the splenic glands. The " lymphatic area" of this part of the bowel will include the epicolic and paracolic glands and the intermediate glands lying on the branches of the left colic artery, and also the glands at the hilum of the spleen. It is obvious that in performing excision forgrowths in the region of the splenic flexure it will be impossible to remove at the same time the " lymphatic area," as the splenic glands cannot be efficiently attacked. The surgeon must content himself with removing at the same time as the primary growth that portion of the The operation is performed as follows: The left colic artery is defined as it leaves the inferior mesenteric vein and is tied at this point with the accompanying vein. The bowel is then freed by incising the peritoneum to the outer side of the ascending colon and splenic flexure and separating the bowel with the growth, the peritoneum and the subperitoneal tissues containing the lymphatic glands and vessels from the posterior abdominal wall. The peritoneum is then divided from the point of ligature of the artery upwards to a selected point on the transverse colon.. The selection of this point will be determined by the extent of the transverse colon supplied by the middle colic artery; it will lie as a rule at the junction of the middle and left thirds of the transverse colon. The peritoneum is also divided in a direction downwards -and outwards to the descending colon. At the selected point on the transverse colon the bowel is divided; below, the descending colon is divided in its lower part and the operation is completed by an end-toend anastomosis. (See Case I, p. 173.)
The Descending Colon.-The " lymphatic area " corresponding to this part of the colon comprises the epicolic and paracolic glands and the intermediate glands on the branches of the left colic artery, including those on the first sigmoid artery. Some vessels also run to the splenic glands as in the case of the splenic flexure. It will then be necessary in removing this "lymphatic area" to tie the left colic artery at the point where it leaves the inferior mesenteric vein, and also the first sigmoid artery close to its origin. A reference to the diagram (fig. 7) will show that beyond this step the operation is much the same as that for the splenic flexure, except that, below: the gut will be divided in the first part of the sigmoid flexure.
The Sigmoid Flexure and the First Part of the Rectum.-We may consider the removal of malignant growths in this' region as they occur (a) in the upper part and middle of the flexure; and (b) in the lowest part of the flexure and the first part of the rectum. It will be convenient if we first consider the second class (b) ( fig. 8 ). It may first be said that in the removal of growths in this situation, whether combined with excision of lymphatic glands or not, it is absolutely necessary to ligate the inferior mesenteric artery at some point; it runs too close to the growth to permit its preservation. The lymphatic glands receiving vessels from this portion of the bowel are the epicolic and paracolic glands lying close to the gut and the intermediate and main groups represented by the glands around the inferior mesenteric artery. We have not seen direct vessels entering glands at a higher 167 168 Jamieson & Dobson: The Lymphatics of the Colon level than the junction of the middle and upper thirds of the artery, well below the point of origin of the left colic artery. The apex of the wedge of tissue to be removed will, therefore, lie on the inferior mesenteric artery just below the left colic. The base is formed by the gut, and the intervening tissue will include the inferior mesenteric a'rtery, the lower sigmoid arteries, the glands named above, the lymphatic vessels, and the subperitoneal tissue in which they lie. To determine the amount of gut to be removed we are guided, so far as the upper limit is concerned, solely by the necessity of going well above the growth, for, the left colic artery being intact, the blood-supply of the upper part of the sigmoid is assured because of the free anastomoses between the left colic and sigmoid branches. Mr. Moynihan [12] considers it essential to remove "a gland," which he describes lying on the trunk of the inferior mesenteric artery above the origin of the left colic; this is to be done either by stripping the gland off the arterial trunk when possible, or by ligaturing the artery at its origin. We do not know on what ground Mr. Moynihan attaches such importance to the removal of this particular gland, as he adduces no evidence, anatomical or pathological, in support of his view. A reference to the diagram (fig. 2 ) based on our specimens will show that ttie glands in this situation are secondary, and that there is no more reason for interfering with them than with the lower lumbar glands. Moreover, ligature of the trunk of the inferior mesenteric artery at its origin endangers the blood-supply of the upper segment of the bowel; it will then depend entirely on the single anastomosis between the middle and left colic arteries. It is true that it is possible in tbe dead body to force injection material from the middle colic artery into the sigmoid arteries after the inferior mesenteric artery has been tied at its origin; also it is possible for the circulation of the gut to be maintained in animals after the artery has been tied-Archibald [1] , Okinczyc [13] . But these observations do not tell us whether we may rely on the anastomotic circulation in living human beings; it may be so in comparatively young and healthy individuals, but probably not in elderly subjects afflicted perhaps with diseased vessels and a feeble circulation. It may be that the connexion between the middle colic and inferior mesenteric arteries is physiologically inadequate. Mr. Moynihan advises that the efficiency of the blood-supply to the upper cut end of the bowel may be tested by releasing the intestinal clamp to see if it bleeds; but what is to be done if it does not bleed ?
The lower limit of the excision is determined not by the simple necessity of going well below the growth, but by a consideration of the blood-supply. The vitality of the lower segment will depend on the middle and inferior haemorrhoidal arteries and branches of the sacral arteries. We have not yet enough evidence that these are sufficient in all cases to permit the retention of a length of the rectum necessary for the performance of an anastomosis.
Briefly, the operation consists in exposing the inferior mesenteric artery and ligaturing it and the vein just below the point of origin of the left colic artery. A long incision through the peritoneum is made on the outer side of the mesorectum and mesosigmoid, and the descending colon and the gut mobilized by stripping it inwards towards the middle line. In doing this the ureter and the spermatic vessels will be encountered and must be avoided. The mesosigmoid is then divided in an oblique line downwards from the point of ligature of the inferior mesenteric to about the middle of the sigmoid flexure, care being taken to preserve as far as possible the secondary arches on the sigmoid arteries. The peritoneum to the inner side of the artery is then divided downwards to the inner side of the mesorectum. The mass of tissue to be removed is then stripped forwards from the upper part of the sacral hollow, and the gut clamped and divided at the middle of the sigmoid flexure and at the junction of the first and second parts of the rectum. The part removed will consist of the lower half of the sigmoid flexure and the upper part of the rectum, the greater part of the inferior mesenteric vessels with the accompanying chain of glands and lymph-vessels, and the surrounding subperitoneal tissues.
The blood-supply of the upper end of the bowel is assured owing to the preservation of the left colic artery; that of the lower end depends, as we have said, on the middle and inferior haemorrhoidal arteries, and is suspect. It must be tested by releasing the clasp to see if the cutedge of the rectum bleeds freely. If it does, and other conditions are favourable, the operation may be terminated by an anastomosis. To do this and to bring the sigmoid flexure down without tension it may be necessary to further mobilize the descending colon and even the splenic flexure. If the blood-supply of the lower segment is insufficient two alternatives present themselves. The first is colostomny, which will probably be necessary in a considerable number of cases. The second consists in the removal of more of the rectum, even down to the levator ani, and the completion of an anastomosis by everting the rectum through the anus, pulling down the sigmoid flexure out through the everted rectum and uniting them below by Maunsell's method. There can be no doubt that this operation, however " ideal," is one of great severity, and in any but absolutely favourable cases is likely to be terminated by a permanent colostomy. In cases where a colostomy has been done previously on account of obstruction, although it may be possible to close the opening and effect an anastomosis by the method described, it will probably be wisdom to abandon this and leave the patient with a permanent artificial anus. (See Case II, p. 173.) (a) Growths in the Middle and Upper Part of the Sigmoid Flexure. The lymphatic glands receiving direct vessels from this part of the colon include the epicolic and paracolic glands, the intermediate glands lying on the sigmoid arteries in the mesosigmoid, and the main group glands on the inferior mesenteric artery. The "ideal" operation in these cases is practically the same as that described under group b, with the difference that more of the mesosigmoid will be removed and the gut will be divided above at the junction of the descending colon and the sigmoid flexure. It seems likely, as we have said, that the " ideal" operation will be terminated in a large proportion of cases by a permanent colostomy, and it must be remembered that the purely local excision of growths in this situation, with preservation of the alimentary circulation, have been attended with a considerable measure of success. If the "ideal" operation necessitates a colostomy the comparative disadvantage is so enormous that it will rarely be performed. Lacking as we do sufficient knowledge as to the possibility of anastomosis after excision of the inferior mesenteric trunk, and being unwilling to consider even the possibility of a permanent colostomy after excision of a growth in the middle of a sigmoid flexure, we must perform an operation which, if short of the ideal, does remove the majority of the possibly affected glands. The operation ( fig. 9 ) consists in exposing the inferior mesenteric vessels, dividing the peritoneum over them, and stripping off as many of the glands of the main group as is possible without damaging the vessels. This is done from the point of origin of the left colic artery down to the origin of the lowest sigmoid artery. The sigmoid arteries are tied at their origin, the lowest being preserved if its removal be not necessitated by the position of the growth. The descending colon is then mobilized and the gut divided above at the junction of the descending colon and the flexure, and below in the lower part of the flexure. Almost the whole of the mesosigmoid will thus be A~~F IG. 9.
Excision of a growth in the middle of the sigmoid flexure. A, growth; B, line of section above the growth; C, line of section below the growth; D, the sigmoid arteries tied at their origin. removed, including the intermediate, paracolic, and epicolic glainds, and probably the greater number of the main group glands corresponding to this part of the sigmoid flexure. The operation is terminated by an anastomosis between the end of the descending colon and the lowest part of the sigmoid flexure. If it is found necessary to tie the lowest sigmoid artery at its origin care must be taken to divide the gut below the level of the brim of the pelvis, in order to avoid the " dead end" which may be left, as Manasse and Archibald have shown, owing to the non-union of the branches of the lowest sigmoid and the superior haemorrhoidal arteries. (See Case III, p. 173.) Case I.-A man, aged 53, was admitted to the Leeds General Infirmary under the care of Dr. Maxwell Telling on October 31, 1908, suffering from acute intestinal obstruction. The caecum was found to be enormously distended, the muscular coat cracking at the slightest touch, and a small annular growth was found at the splenic flexure. A Paul's tube was tied into the caecum, a considerable part of which was pulled out of the abdominal wound owing to its damaged condition.
The patient was extremely ill for some days, but eventually recovered. On December 9 the growth was excised by the method described above. He made a straightforward recovery from the operation, but the typhlotomy opening is not yet closed and will probably require suture.
Case II.-A man, aged 32, was admnitted to the Leeds General Infirmary on July 26, 1907, suffering from intestinal obstruction. A growth was found in the lower part of the sigmoid flexure, and an iliac colostomy was performed. (It should be said that he came under the care of one of us in the absence of Mr. Moynihan.) On Septemnber 4, 1907, the growth was remloved by the method described, the colostomy being left as a permanent artificial anus. A coil of simall intestine was adherent to the median exploratory incision made at the first operation, and was so much kinked that an anastomosis was performed between the intestine above and below. His recovery was delayed by the formation of a pelvic abscess which discharged into the stump of rectuiu remaining, but he returned homile in good health on October 26. Case III.-A woman, aged 54, was admitted to the Leeds General Infirmary on December 11, 1908, suffering from intestinal obstruction of five days' duration. The abdomen was explored through a median incision and a growth found in the rmiiddle of the sigmoid flexure. Typhlotomy was performed. On December 31 the growth in the sigmoid was excised by the method described above and an end-to-end anastomosis effected with ease. In stripping forward the subperitoneal tissues the left ovarian veins were injured, so the ovary was removed. A subserous uterine mnyona was also excised, the uterine wound being closed by catgut sutures. She has m-lade a satisfactory recovery, though the typhlotomy wound is not yet quite closed.
